Abstract-Adapti ve target detection of high-rangeresolution radar in spherically invariant random vector clutter is investigated for a possibly singular estimated covariance matrix. Under an appropriate constraint on the unknown parameter space, the maximum likelihood estimates are obtained. By utilizing the modified recursive estimator for possibly singular covariance matrix estimation, the detector of adaptive restricted generalized likelihood ratio is devised for non-Gaussian scenarios. The results show that the proposed detector outperforms the existing Kelly binary integrator. As the number of equivalent scatterers increases, the detection performance improves whereas the performance gain decreases. Moreover, in the range of high values of detection probability, the detection performance decreases as the clutter spikiness increases, while the performance increases with increasing clutter spikes in the range of low values of detection probability.
INTRODUCTION
A high-range-resolution radar can resolve a target into a number of scatterers, by using pulse compression techniques. And the multiple do minant scatterers in isolated range cells are usually referred to as a so-called range-spread target [1] . As the detection strategies of point-like targets may fail for range-spread targets, the adaptive detection of range-spread target has gained more and more attention [2] . At present, range-spread target detection in Gaussian or partially homogeneous environment has been investigated largely [3, 4] . In fact, at the higher range resolution, the radar system receives target-like spikes representing non-Gaussian clutter observations, which can be better described as a spherically invariant random vector (SIRV) [2, 5] .
Most of the above detectors are based on the generalized likelihood ratio (GLR) test strategy. However, the GLRT strategy may fail to deal with this kind of problem as it is possible that a certain estimated covariance matrix can become singular [6] . In this work, the adaptive detection of range-spread target in SIRV clutter is investigated for a possibly singular estimated covariance matrix. Firstly, the restricted maximu m likelihood (RM L) estimates of unknown parameters are derived. And then an adaptive restricted GLR (ARGLR) detector is devised.
II. PROBLEM FORMULATION AND DETECTOR DESIGN
Assume that data are collected from N sensors and the possible target is completely contained within K range cells t z s,
The problem of detecting a rangespread target in additive clutter can be formulated succinctly as:
The clutter returns are modeled as a SIRV distribution [2] for representing non-Gaussian scenarios. Thus the Ndimensional clutter vector t c at range t can be given by 
Due to total ignorance of α , T and Σ , the GLRTbased decision schemes is used, which is tantamount to replace the unknown parameters with their maximu m likelihood estimates under each hypothesis based on the entirety of data. The GLRT decision scheme is given by
Unfortunately, the numerator of (6) maybe unbounded, and as a consequence, the GLRT strategy cannot be applied. For example, set s Z α H  , and then the null space of H pα Z  is nonempty. This circumstance may be resulted from the case that the parameter space is too large. Nevertheless, resorting to the method of sieves [7] , restrict the parameter space   (5) can be maximized, and the RML estimates result.
Assume that N K  and Σ is positive definite, so that H 1
Z ZT
 has rank N with probability 1. It can be obtained as
where 0 c is a constant.
To obtain the RML estimate MML,1 Σ of Σ under the H 1 hypothesis, restrict the parameter space to the set 
where [10] . The first level is a single-point scatterer Kelly detector [11] ; the second level of detection consists of counting the number of detections from the first level detector and comparing this integer to the integer threshold M of the second level detector. The clutter samples are generated from an exponential correlation structure, i.e., Lorentzian spectrum, so that the matrix Σ with the one-lag correlation coefficient  .
Moreover, the texture component is modeled as a gamma distribution with the mean b and the parameter L controlling the deviation from Gaussian statistics. The smaller L is, the more spikes will appear in clutter. returned by a given range cell t. Herein, five scatterers models are considered in Table I . Firstly, in Fig. 1 , the effects of different scatterer distribution on the detection performance of ARGLR are evaluated, in terms of the plots of P d versus SCR for five typical models of Table 1 . It is observed that, the ARGLR performs best when the target energy is uniformly distributed, whereas the performance is degraded as the more target energy is concentrated in one cell. In fact, the more target energy is concentrated in one cell, the less range-spread target differs from a point-like target and the more collapsing loss results.
In addition, the detection performance of ARGLR with different numbers of sensors used (N=2,4,8) is given in Fig.  2 , which indicates that the detection performance is improved as N increases. Finally, in Fig. 4 , the ARGLR is co mpared with the 1/K Kelly detector, which indicates that the ARGLR outperforms the 1/K Kelly detector. It also shows that, as the number of equivalent scatterers increases, the detection performance imp roves largely whereas the performance gain decreases. IV. CONCLUSIONS In this paper, the adaptive detection of range-spread target in SIRV clutter is investigated for a possibly singular estimated covariance matrix. By utilizing the RM L estimate and the modified recursive estimator, the ARGLR is derived for SIRV scenarios. The results show that the ARGLR outperforms the existing M/K Kelly detector. As the number of equivalent scatterers increases, the detection performance improves whereas the performance gain decreases. Moreover, in the range of high values of detection probability, the detection performance decreases as the clutter spikiness increases, while the performance increases with increasing clutter spikes in the range of low values of detection probability.
